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Abstract. In studies of forest fragmentation, birds of scrubby, early-successional habitats
are considered edge specialists. Because these birds are assumed to thrive in fragmented, edge-
dominated areas, their landscape ecology has received little attention from ecologists. With
populations of shrubland birds declining throughout the eastern United States, the question of
whether or not these birds really prefer edge habitats has important conservation implications.
We used a meta-analysis to test how edges affect the abundance of shrubland birds in early-
successional habitats. We analyzed data for 17 species from seven studies that compared the
abundances of birds in the interiors and edges of regenerating clearcuts surrounded by mature
forest. The meta-analysis clearly showed that shrubland birds avoid edges. All 17 species tested
had higher abundances in patch centers than along edges, and edge effects were significant for
8 of 17 species. The key implication of this result is that small or irregular patches, dominated
by edge, are unlikely to provide suitable habitat for shrubland birds. Thus, management for
these declining species should involve providing large patches and minimizing edges. These
findings demonstrate the importance of testing widely accepted ecological classifications and
the need to view landscape ecology from the perspective of non-forest wildlife.

Key words: clearcut; early-successional; ecotone; edge avoidance; edge effects; fragmentation; meta-
analysis; shrubland birds.

INTRODUCTION

Much of our understanding of landscape ecology

comes from research on forest fragmentation (e.g.,

Wilcove 1985, Bierregaard et al. 1992, Andren 1994,

Robinson et al. 1995). A large body of research, for

instance, has demonstrated that forest edges are poor

habitats for songbirds (Gates and Gysel 1978, Britting-

ham and Temple 1983, Morse and Robinson 1999,

Flaspohler et al. 2001). Microclimates near edges are

more extreme than in habitat interiors (Saunders et al.

1991), and, in fragmented or agricultural landscapes,

predators can be more abundant along edges than in

forest interiors (Chalfoun et al. 2002). Birds nesting near

forest edges often suffer from decreased nest success

(Batary and Baldi 2004). For all of these reasons, some

birds appear to avoid edges and small patches that are

dominated by edge (Parker et al. 2005, Lindell et al.

2007).

From this forest-fragmentation perspective, birds of

scrubby, early-successional habitats are ‘‘edge species’’

because they primarily occur along forest edges or in

small woodlots (e.g., Whitcomb et al. 1981, Freemark

and Collins 1992). As a result, one might expect these

birds to be insensitive to or even benefit from habitat

fragmentation (Boulinier et al. 2001). The problem with

this inference is that much research on forest fragmen-

tation has taken place in landscapes consisting solely of

mature forest and agricultural fields or residential areas.

In such landscapes, the edges of woodlots may be the

only areas with the dense vegetation preferred by

shrubland birds (Imbeau et al. 2003). Thus, use of

forest–field edges does necessarily indicate a general

affinity for ecotones or insensitivity to fragmentation.

Moreover, forest edges are marginal habitats for shrub-

land birds, many of which are more abundant in early-

successional habitats such as old fields or regenerating

forests (Fink et al. 2006). Because shrubland birds have

been considered edge species, their responses to edges

and fragmentation in shrublands have been largely

neglected (Rudnicky and Hunter 1993). Only in the last

few years have researchers begun to explore how
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fragmentation of shrubland habitats affects shrubland

birds (Krementz and Christie 2000, Rodewald and Vitz

2005, Askins et al. 2007).

Shrubland birds are declining throughout the eastern

United States (Askins 1993, Brawn et al. 2001), as

shrubland habitats disappear and become increasingly

fragmented (Askins 2000, Trani et al. 2001, Brooks

2003). Thus, understanding how shrubland birds re-

spond to edges in early-successional habitats has

important implications for conservation of this bird

community. Forests regenerating after logging are the

largest source of habitat for shrubland birds in the East;

however, logging practices have been changing recently.

Historically, logging involved large clearcuts, but public

opposition to clearcutting is causing it to be replaced by

small group-selection cuts in many areas (Askins 1994,

2001, Rodewald and Vitz 2005). If shrubland birds are

averse to edges, then larger patches may be necessary to

conserve these species. On the other hand, if shrubland

birds actually do prefer edges, then fragmentation of

shrublands may not be a conservation problem. To

address this knowledge gap, we conducted a meta-

analysis of studies examining how shrubland birds

respond to edges in early-successional habitats.

METHODS

Our study focused on birds that regularly breed in

early-successional woody habitats in the eastern United

States. We developed a list of such species based on a

quantitative review of habitat usage studies (S. Schloss-

berg and D. I. King, unpublished manuscript) and

published accounts of avian habitat preferences (Amer-

ican Ornithologists’ Union 1998, DeGraaf and Yama-

saki 2001). To be included in the meta-analysis, a study

had to report avian abundances in the interior of

shrubland patches and along edges adjacent to mature

forest. We used forest as the adjacent habitat because

forests are the natural vegetation type in most of the

eastern United States. We searched for publications,

including theses, using the online databases Biological

Abstracts and ISI Web of Knowledge and the reference

sections of publications. Studies could take place in any

type of shrubland in the eastern United States, though

all studies we used took place in clearcuts less than eight

years old. To avoid confounding edge effects with area

sensitivity, we only included studies in which the scrub–

shrub patches sampled were at least 1 ha in size. This is

above the threshold for area sensitivity for most

shrubland birds (Kerpez 1994, Annand and Thompson

1997, Costello et al. 2000). We excluded studies

conducted in utility rights-of-way because birds may

respond differently to edges in long, linear strips than in

discrete patches.

From each study we extracted the abundance or

density of each bird species in interior and edge habitats.

All edge samples were taken within 30 m of the forest–

shrubland boundary, and interior points were located

.60 m from the boundary; we did not use data collected

between 30 m and 60 m from the forest edge. For studies

reporting results for separate years or study sites, we

averaged results for each species for interior and edge

sites. To ensure adequate sample sizes, we analyzed data

only for species that occurred in two different studies

and for which we had at least six data points. Our

response variable for the meta-analysis (the effect size)

was the standardized difference between each species’

abundance in the patch interior and along the edge. For

each species in each study, this was computed as (di –

de)/s, where di is the bird’s density (or abundance) in the

interior, de is the density in the edge, and s is the pooled

standard deviation (Lipsey and Wilson 2001). This is the

difference between interior and edge habitats relative to

the variation among replicates. Effect sizes greater than

0 indicate edge avoidance while negative effect sizes

indicate attraction to edges.

Three studies included in the meta-analysis did not

provide standard errors of density or abundance

estimates (DeGraaf 1992, Kerpez 1994, Talbott and

Yahner 2003). To estimate effect sizes for these studies,

we had to estimate their standard errors. Because the

data were counts of birds, we assumed the counts would

have a Poisson distribution. We, therefore, used the

Poisson estimate for the standard deviation (the mean) to

estimate standard errors. We consider this a conservative

estimate of precision because the mean coefficient of

variation (CV) for the studies that included standard

errors was 69% (vs. 100% for the Poisson estimate).

Results were robust to the CV estimate we used. Even if

we assumed a CV that was twice as high as the reported

level (138%) for studies failing to report error levels,

results were still significant for seven of the eight species

with significant edge effects at a CV of 100%.

Based on a nonsignificant test for heterogeneity of

effect sizes, we used a fixed-effects model to compute the

mean effect size for each study and species (Lipsey and

Wilson 2001). One complication was that the studies in

the meta-analysis differed in how they sampled edge

habitats. For three studies, the edge was the strip of

clearcut adjacent to the surrounding forest, and all of

the bird counts were conducted entirely within early-

successional habitat. In the other four studies, edge

samples were centered at the forest–clearcut boundary,

so edge plots included some forest. If shrubland birds do

not use forests, sampling into forests could result in

lower bird counts and potentially inflate edge effects. To

determine whether or not the edge sampling method

influenced our results, we compared mean effect sizes for

the two methods using a two-group z test.

RESULTS

Seven studies met our criteria for inclusion in the

meta-analysis, and we were able to estimate effect sizes

for 17 bird species (Table 1). Overall, birds avoided

edges (mean effect size 6 SE ¼ 0.56 6 0.01). All 17

species had positive effect sizes, and eight species’ effect

sizes were significantly greater than zero (Table 2).
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When analyzed by study, birds in five of the seven

studies showed significant avoidance of edges, and one

other study had a significance level of 0.06 (Table 1).

When the studies were divided based on whether or not

edge plots extended into adjacent forests, studies that

sampled into forests (X̄ ¼ 0.41 6 0.09) and studies that

sampled only in clearcuts (X̄¼ 0.65 6 0.12) both showed

significant edge avoidance. Edge avoidance was stronger

in studies where edge samples were entirely within the

clearcuts (z ¼ 2.86, P ¼ 0.01).

DISCUSSION

In our meta-analysis, all 17 species of shrubland bird

were more abundant in the interiors of clearcuts than

along edges, with results significant for eight species.

Each of these eight species has previously been labeled

an ‘‘edge species’’ in studies of forest fragmentation

(Whitcomb et al. 1981, Freemark and Collins 1992).

Some, such as Indigo Bunting, Field Sparrow, and

Yellow-breasted Chat, have actually been termed ‘‘edge

specialists’’ (Hansen and Urban 1992, Villard 1998). The

results of our meta-analysis suggest that most shrubland

birds are actually averse to forest–shrubland edges in

shrubland habitats. Even the birds that did not show

significant edge avoidance were, at best, neutral toward

edges. This suggests that usage of forest edges by

shrubland birds in forest-fragmentation studies was due

to lack of suitable habitat rather than a preference for

edges (Imbeau et al. 2003).

We expected effect sizes to be greater in studies that

sampled into forests than in studies sampling only in

clearcuts. In actuality, effect sizes were higher in studies

conducted only in clearcuts than in studies extending

into forests. This difference, however, is almost entirely

due to the small effect size for the study by Yahner

(1987). His study was unique in that it had only three

study sites, and they varied widely in age and forest type.

The result was high variation in avian abundances

among replicates and correspondingly low effect sizes.

After removing Yahner’s study from the meta-analysis,

we found no significant difference in the effect sizes for

the two sampling methods (z ¼ 1.34, P ¼ 0.33). This

suggests that the edges of shrubland habitats and the

surrounding forests are both avoided by shrubland birds

in roughly equal measure. Core scrub–shrub habitats are

clearly the most preferred habitat for these birds.

Excluding Yahner (1987), the remaining six studies in

our meta-analysis differed in methodology as well as in

the age and structure of the early-successional habitat.

Still, when analyzed by study, all six studies had similar

TABLE 1. Studies used in a meta-analysis of edge effects on the abundance of shrubland birds.

Study Study location No. study sites� Effect size� (mean 6 SE)

DeGraaf (1992) New Hampshire 8 0.50 6 0.20
Fink et al. (2006) Missouri 6 0.57 6 0.30
Rodewald and Vitz (2005) Ohio 24 0.56 6 0.15
Talbott and Yahner (2003) Pennsylvania 20 0.70 6 0.13
Yahner (1987) Pennsylvania 6 0.04 6 0.26
Elliott (1987) Maine 8 0.50 6 0.25
Kerpez (1994) Virginia 8 0.68 6 0.31

� Including both edge and interior sites.
� Effect size is the difference in abundance between patch edge and center, scaled by within-study

standard deviation.

TABLE 2. Results from a meta-analysis of edge effects on abundances of shrubland birds.

Species Mean effect size� 95% confidence interval P� No. studies

Ruffed Grouse (Bonasa umbellus) 0.86 0.06–1.66 0.04 2
White-eyed Vireo (Colinus virginianus) 0.04 �0.67–0.76 0.90 2
Gray Catbird (Dumetella carolinensis) 0.53 �0.26–1.31 0.19 2
Cedar Waxwing (Bombycilla cedrorum) 0.99 0.28–1.71 0.01 3
Blue-winged Warbler (Vermivora pinus) 0.82 0.07–1.56 0.03 2
Nashville Warbler (Vermivora ruficapilla) 0.33 �0.57–1.23 0.48 3
Chestnut-sided Warbler (Dendroica pensylvanica) 0.43 �0.20–1.06 0.18 4
Prairie Warbler (Dendroica discolor) 0.55 0.02–1.07 0.04 4
Black-and-white Warbler (Mniotilta varia) 0.18 �0.39–0.76 0.53 5
Common Yellowthroat (Geothlypis trichas) 0.37 �0.12–0.85 0.14 5
Yellow-breasted Chat (Icteria virens) 0.96 0.37–1.55 0.001 3
Eastern Towhee (Pipilo erythrophthalmus) 0.37 �0.13–0.86 0.15 5
Field Sparrow (Spizella pusilla) 1.02 0.49–1.55 ,0.001 5
White-throated Sparrow (Zonotrichia albicollis) 0.47 �0.53–1.47 0.35 2
Dark-eyed Junco (Junco hyemalis) 0.81 �0.28–1.90 0.15 2
Indigo Bunting (Passerina cyanea) 0.69 0.17–1.20 0.01 5
American Goldfinch (Carduelis tristis) 0.95 0.28–1.62 0.01 4

� Effect size is the difference in abundance between patch edge and center, scaled by within-study standard deviation.
� Based on a z test.
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effect sizes, with each study showing evidence of edge

avoidance (Table 1). In contrast, one study that could

not be included in our meta-analysis reported no

evidence of edge avoidance for birds in Maine clearcuts

(Rudnicky and Hunter 1993). In that study, however,

distance to edge was measured as a proportion of the

patch radius rather than as the actual distance to the

edge. This methodology could have obscured birds’

actual responses to edges. Thus, we conclude that edge

avoidance by shrubland birds is a general phenomenon

in regenerating forests of the Northeast.

Why most shrubland birds avoided edges was not

revealed by the studies that we reviewed. Research in

forests has shown that habitat quality, as determined by

vegetation structure or food availability, often differs

between the interiors and edges of woodlots (Burke and

Nol 1998, Zanette et al. 2000, Van Wilgenburg et al.

2001). Two studies investigating arthropod abundance

in clearcuts reported no difference between patch centers

and edges (Shure and Phillips 1991, Rodewald and Vitz

2005). The latter study also reported no effect of

proximity to edge on fruit availability. Research has

shown that microclimate changes predictably as one

moves from the edge to the center of a clearcut, the latter

being sunnier, drier, and warmer than the edge (Gode-

froid et al. 2006). As a result, plant species composition

and vegetation structure can differ between edges and

centers of clearcuts (Minckler and Woerheide 1965, cf.

Rodewald and Vitz 2005). Whether shrubland birds are

responding to edge-related changes in vegetation or

climate needs further investigation. Another possible

explanation for edge avoidance is that restrictions on

territory placement near edges cause passive displace-

ment of bird territories away from ecotones (King et al.

1997). In future studies, this hypothesis could be tested

by comparing observed territory locations with simula-

tions of random territory placement.

Nest predation is another common explanation for

edge avoidance in birds, but evidence suggests that

shrubland birds are not responding to heightened

predation near edges. King et al. (1998) did find that

three types of predators were slightly more abundant

along the edges of clearcuts than in patch centers.

Shrubland birds can, however, nest successfully along

edges or in edge-dominated areas like group-selection

cuts or utility rights-of-way (Woodward et al. 2001,

King and Byers 2002, King and DeGraaf 2004,

Chandler 2006). At present, there does not appear to

be a general tendency for predators to be especially

abundant or problematic at the edges of shrubland

habitats. In contrast, nest predation in forests is

frequently greater along edges than in forest interiors

(Batary and Baldi 2004). This shows, again, that

applying results from studies of forest fragmentation

to shrubland birds can be misleading.

Edge avoidance may contribute to area sensitivity in

shrubby habitats. Forest openings, such as group-

selection cuts or managed wildlife areas, are often

smaller than 1 ha and are essentially all edge, with no

core habitat. Several studies have reported that shrub-

land birds are less abundant in these small openings than

in larger clearcuts, as would be expected for birds that

avoid edges (Kerpez 1994, Annand and Thompson 1997,

Costello et al. 2000). As further evidence for the

relationship between edge and area sensitivity, three

shrubland birds that regularly breed in small forest

openings (Black-and-white Warbler, White-eyed Vireo,

and Eastern Towhee) had some of the lowest effect sizes

in our meta-analysis (S. Schlossberg and D. I. King,

unpublished manuscript). Interestingly, all three of these

species will sometimes nest in the understory of mature

forests (S. Schlossberg and D. I. King, unpublished

manuscript). In contrast, species that rarely use mature

forests, such as Blue-winged Warbler and Field Spar-

row, showed greater avoidance of edges. This suggests

that for many shrubland species, edge avoidance is

related to a general avoidance of tall trees or mature

forests.

If shrubland birds are not edge species, then what

exactly is an edge species, and do such species exist?

Imbeau et al. (2003) suggested that merely inhabiting an

ecotone does not define an edge species. Rather, an edge

species must make use of both of the adjacent habitats

(see also Ries et al. 2004). By this definition, few birds

included in our meta-analysis would actually be

considered edge species. One exception may be Indigo

Buntings, which nest in scrubby areas, but appear to

prefer territories with tall trees, used as song posts

(Taber and Johnston 1968). Still, buntings were edge

adverse in our meta-analysis, suggesting that their usage

of edges and tall trees may be opportunistic rather than

obligate. In a study of forest–heath ecotones in

Australia, Baker et al. (2002) found that many bird

species used the ecotones, but those birds could also be

classified as preferring forests or heaths. His results,

along with ours, suggest that few or no birds may be true

ecotone specialists.

The obvious management implication of our meta-

analysis is that shrubland birds will benefit from

decreasing fragmentation of early-successional habitats.

Managers interested in aiding shrubland birds should

provide large habitat patches, avoid irregular patch

shapes and edges, and minimize interspersion of

openings and mature forests. Logging is the most cost-

effective means to provide habitat for shrubland birds.

Contrary to popular opinion about logging, applying

the above management prescriptions could actually

benefit forest-interior songbirds. For a given total area

to be logged, a few large clearcuts will create less edge

than many small group-selection openings (Thompson

1993). Moreover, clearcuts and other silvicultural

treatments are temporary and will succeed to mature

forests within a few decades. Given these considerations,

we suggest that managers need to reconsider recent

efforts to minimize the size of logged openings and

consider using larger clearcuts in appropriate locations.
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Another important implication of our findings is the

importance of considering avian patch and landscape

ecology from perspectives besides forest fragmentation.

Forests are not the only habitats that have edges, and

our meta-analysis shows that shrubland birds have their

own large-scale habitat preferences that may be impor-

tant for conservation. Early findings that shrubland

birds prefer edges made it easy to dismiss the landscape

ecology of this bird community (see Rudnicky and

Hunter 1993). This shows the dangers of making

ecological classifications based on limited evidence

(Villard 1998). For the future, we hope that ecologists

recognize that the conservation of shrubland birds will

depend on how these birds respond to the patch and

landscape features of shrubland habitats.

ACKNOWLEDGMENTS

Thanks to the Natural Resources Conservation Service for
supporting S. Schlossberg and our review of the ecology of
shrubland birds. Two anonymous reviewers provided com-
ments that helped us to improve the manuscript greatly.

LITERATURE CITED

American Ornithologists’ Union. 1998. Check-list of North
American birds. Seventh edition. American Ornithologists’
Union, Washington, D.C, USA.

Andren, H. 1994. Effects of habitat fragmentation on birds and
mammals in landscapes with different proportions of suitable
habitat: a review. Oikos 71:355–366.

Annand, E. M., and F. R. Thompson III. 1997. Forest bird
response to regeneration practices in central hardwood
forests. Journal of Wildlife Management 61:159–171.

Askins, R. A. 1993. Population trends in grassland, shrubland,
and forest birds in eastern North America. Current
Ornithology 11:1–34.

Askins, R. A. 1994. Open corridors in a heavily forested
landscape: impact on shrubland and forest-interior birds.
Wildlife Society Bulletin 22:339–347.

Askins, R. A. 2000. Restoring North America’s birds: lessons
from landscape ecology. Yale University Press, New Haven,
Connecticut, USA.

Askins, R. A. 2001. Sustaining biological diversity in early
successional communities: the challenge of managing unpop-
ular habitats. Wildlife Society Bulletin 29:407–412.

Askins, R. A., B. Zuckerberg, and L. Novak. 2007. Do the size
and landscape context of forest openings influence the
abundance and breeding success of shrubland songbirds in
southern New England? Forest Ecology and Management
250:137–147.

Baker, J., K. French, and R. J. Whelan. 2002. The edge effect
and ecotonal species: bird communities across a natural edge
in southeastern Australia. Ecology 83:3048–3059.

Batary, P., and A. Baldi. 2004. Evidence of an edge effect on
avian nest success. Conservation Biology 18:389–400.

Bierregaard, R. O., T. E. Lovejoy, V. Kapos, A. A. Dossantos,
and R. W. Hutchings. 1992. The biological dynamics of
tropical rain-forest fragments. Bioscience 42:859–866.

Boulinier, T., J. D. Nichols, J. E. Hines, J. R. Sauer, C. H.
Flather, and K. H. Pollock. 2001. Forest fragmentation and
bird community dynamics: inference at regional scales.
Ecology 82:1159–1169.

Brawn, J. D., S. K. Robinson, and F. R. Thompson III. 2001.
The role of disturbance in the ecology and conservation of
birds. Annual Review of Ecology and Systematics 32:251–
276.

Brittingham, M. C., and S. A. Temple. 1983. Have cowbirds
caused forest songbirds to decline? Bioscience 33:31–35.

Brooks, R. T. 2003. Abundance, distribution, trends, and
ownership patterns of early-successional forests in the
northeastern United States. Forest Ecology and Management
185:65–74.

Burke, D. M., and E. Nol. 1998. Influence of food abundance,
nest-site habitat, and forest fragmentation on breeding
Ovenbirds. Auk 115:96–104.

Chalfoun, A. D., F. R. Thompson III, and M. J. Ratnaswamy.
2002. Nest predators and fragmentation: a review and meta-
analysis. Conservation Biology 16:306–318.

Chandler, R. B. 2006. Early-successional bird abundance and
nest success in managed shrublands on the White Mountain
National Forest. Thesis. University of Massachusetts,
Amherst, Massachusetts, USA.

Costello, C. A., M. Yamasaki, P. J. Pekins, W. B. Leak, and
C. D. Neefus. 2000. Songbird response to group selection
harvests and clearcuts in a New Hampshire northern
hardwood forest. Forest Ecology and Management 127:41–
54.

DeGraaf, R. M. 1992. Effects of even-aged management on
forest birds at northern hardwood stand interfaces. Forest
Ecology and Management 47:95–110.

DeGraaf, R. M., and M. Yamasaki. 2001. New England
wildlife: habitat, natural history, and distribution. University
Press of New England, Hanover, New Hampshire, USA.

Fink, A. D., F. R. Thompson, and A. A. Tudor. 2006. Songbird
use of regenerating forest, glade, and edge habitat types.
Journal of Wildlife Management 70:180–188.

Flaspohler, D. J., S. A. Temple, and R. N. Rosenfield. 2001.
Species-specific edge effects on nest success and breeding bird
density in a forested landscape. Ecological Applications 11:
32–46.

Freemark, K., and B. Collins. 1992. Landscape ecology of birds
breeding in temperate forest fragments. Pages 443–454 in
J. M. Hagan and D. W. Johnston, editors. Ecology and
conservation of neotropical migrant landbirds. Smithsonian
Institution Press, Washington, D.C., USA.

Gates, J. E., and L. W. Gysel. 1978. Avian nest dispersion and
fledging success in field–forest ecotones. Ecology 59:871–883.

Godefroid, S., S. Rucquoij, and N. Koedam. 2006. Spatial
variability of summer microclimates and plant species
response along transects within clearcuts in a beech forest.
Plant Ecology 185:107–121.

Hansen, A. J., and D. Urban. 1992. Avian response to
landscape pattern: The role of species’ life histories.
Landscape Ecology 7:163–180.

Imbeau, L., P. Drapeau, and M. Monkkonen. 2003. Are forest
birds categorised as ‘‘edge species’’ strictly associated with
edges? Ecography 26:514–520.

Kerpez, T. A. 1994. Effects of group selection and clearcut
openings on wildlife in Appalachian hardwood forests. Ph.D.
Thesis. Virginia Polytechnic Institute and State University,
Blacksburg, Virginia, USA.

King, D. I., and B. E. Byers. 2002. An evaluation of powerline
rights-of-way as habitat for early-successional shrubland
birds. Wildlife Society Bulletin 30:868–874.

King, D. I., and R. M. DeGraaf. 2004. Effects of group-
selection opening size on the distribution and reproductive
success of an early-successional shrubland bird. Forest
Ecology and Management 190:179–185.

King, D. I., C. R. Griffin, and R. M. Degraaf. 1997. Effect of
clearcut borders on distribution and abundance of forest
birds in northern New Hampshire. Wilson Bulletin 109:239–
245.

King, D. I., C. R. Griffin, and R. M. Degraaf. 1998. Nest
predator distribution among clearcut forest, forest edge and
forest interior in an extensively forested landscape. Forest
Ecology and Management 104:151–156.

Krementz, D. G., and J. S. Christie. 2000. Clearcut stand size
and scrub-successional bird assemblages. Auk 117:913–924.

September 2008 1329EDGE AVOIDANCE IN SHRUBLAND BIRDS
C
om

m
u
n
ica

tion
s



Lindell, C. A., S. K. Riffell, S. A. Kaiser, A. L. Battin, M. L.
Smith, and T. D. Sisk. 2007. Edge responses of tropical and
temperate birds. Wilson Journal of Ornithology 119:205–220.

Lipsey, M. W., and D. B. Wilson. 2001. Practical meta-analysis.
Sage Publications, Thousand Oaks, California, USA.

Minckler, L. S., and J. D. Woerheide. 1965. Reproduction of
hardwoods 10 years after cutting as affected by site and
opening size. Journal of Forestry 63:103–107.

Morse, S. F., and S. K. Robinson. 1999. Nesting success of a
neotropical migrant in a multiple-use, forested landscape.
Conservation Biology 13:327–337.

Parker, T. H., B. M. Stansberry, C. D. Becker, and P. S.
Gipson. 2005. Edge and area effects on the occurrence of
migrant forest songbirds. Conservation Biology 19:1157–
1167.

Ries, L., R. J. Fletcher, J. Battin, and T. D. Sisk. 2004.
Ecological responses to habitat edges: mechanisms, models,
and variability explained. Annual Review of Ecology,
Evolution, and Systematics 35:491–522.

Robinson, S. K., F. R. Thompson III, T. M. Donovan, D. R.
Whitehead, and J. Faaborg. 1995. Regional forest fragmen-
tation and the nesting success of migratory birds. Science 267:
1987–1990.

Rodewald, A. D., and A. C. Vitz. 2005. Edge- and area-
sensitivity of shrubland birds. Journal of Wildlife Manage-
ment 69:681–688.

Rudnicky, T. C., and M. L. Hunter, Jr. 1993. Reversing the
fragmentation perspective: effects of clearcut size on bird
species richness in Maine. Ecological Applications 3:357–366.

Saunders, D. A., R. J. Hobbs, and C. R. Margules. 1991.
Biological consequence of ecosystem fragmentation: a review.
Conservation Biology 5:18–32.

Shure, D. J., and D. J. Phillips. 1991. Patch size of forest
openings and arthropod populations. Oecologia 86:325–334.

Taber, W., and D. W. Johnston. 1968. Indigo bunting. Pages
80–111 in O. L. Austin, Jr., editor. Life histories of North
American cardinals, grosbeaks, buntings, towhees, finches,

sparrows, and allies. Dover Publications, New York, New
York, USA.

Talbott, S. C., and R. H. Yahner. 2003. Temporal and spatial
use of even-aged reproduction stands by bird communities in
central Pennsylvania. Northern Journal of Applied Forestry
20:117–123.

Thompson, F. R., III. 1993. Simulated responses of a forest-
interior bird population to forest management options in
central hardwood forests of the United States. Conservation
Biology 7:325–333.

Trani, M. K., R. T. Brooks, T. L. Schmidt, V. A. Rudis, and
C. M. Gabbard. 2001. Patterns and trends of early
successional forests in the eastern United States. Wildlife
Society Bulletin 29:413–424.

Van Wilgenburg, S. L., D. F. Mazerolle, and K. A. Hobson.
2001. Patterns of arthropod abundance, vegetation, and
microclimate at boreal forest edge and interior in two
landscapes: implications for forest birds. Ecoscience 8:454–
461.

Villard, M. A. 1998. On forest-interior species, edge avoidance,
area sensitivity, and dogmas in avian conservation. Auk 115:
801–805.

Whitcomb, R. F., C. S. Robbins, J. F. Lynch, B. L. Whitcomb,
M. K. Klimkiewicz, and D. Bystrak. 1981. Effects of forest
fragmentation on avifauna of the eastern deciduous forest.
Pages 125–206 in R. L. Burgess and D. M. Sharpe, editors.
Forest island dynamics in man-dominated landscapes.
Springer-Verlag, New York, New York, USA.

Wilcove, D. S. 1985. Nest predation in forest tracts and the
decline of migratory songbirds. Ecology 66:1211–1214.

Woodward, A. A., A. D. Fink, and F. R. Thompson III. 2001.
Edge effects and ecological traps: effects on shrubland birds
in Missouri. Journal of Wildlife Management 65:668–675.

Yahner, R. H. 1987. Use of even-aged stands by winter and
spring bird communities. Wilson Bulletin 99:218–232.

Zanette, L., P. Doyle, and S. M. Tremont. 2000. Food shortage
in small fragments: evidence from an area-sensitive passerine.
Ecology 81:1654–1666.

SCOTT SCHLOSSBERG AND DAVID I. KING1330 Ecological Applications
Vol. 18, No. 6

C
om

m
u
n
ic
a
ti
on

s


